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1 @ EswerdenVerblndungenderFormeM 
A-R-NH-CHR 1 -(CH2) a -NHC(-NH)NH 2 
worin 

R 1 die Cyanidfunktion, 
R Pro oder D-Phe-Pro, 

A ein Wasserstoffatom oder eine in der Peptidchemie Qbllche 

Schutzgruppe und 
CI aeineganzeZahlvon2bis5,vorzugsweise3oder4ist, 
^ die In der Lage sind, Serinproteasen zu inhibieren, sowie eln 

Verfahren zu Ihrer Herstellung beschrieben. 
#a Solche Verblndungen enthaltende Mitte! konnen als Antikoa- 

gulantien verwendet werden. 
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[57] ABSTRACT 

Compounds of the formula I 

A— R— NH— CHR 1 — <CH2)a— NHC(=NH)NH 2 

in which 

R 1 is the cyanide group, 
R is Pro or D— Phe— Pro, 

A is a hydrogen atom or a protective group custom- 
ary in peptide chemistry, and 
a is an integer from 2 to 5, preferably 3 or 4, 

which are able to inhibit serine proteases, and a process 
for their preparation, are described. 

Agents containing compounds of this type can be used 
as anticoagulants. 

5 Claims, No Drawings 
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1 2 

mula I with the indicated definitions, which comprises 
OLIGOPEPTEDYL NITRILE DERIVATIVES, conversion of a compound of the formula I in which R l 

AGENTS CONTAINING THEM AND THEIR USE is (CONH 2 ), with the aid of a watereiiminating agent, 

into the corresponding nitrile form, or comprises con- 
The invention relates to oligopeptidyl nitrile deriva- 5 version of a compound of the formula I in which R is a 
tives, to the synthesis and use of these compounds, and bond and R 1 is (CONH2), using a watereiiminating 
to pharmaceutical agents which contain these com- agent, into a compound of the formula I in which R 1 is 
pounds acting as inhibitors of serine proteases. The term t h e cyanide group, and, where appropriate after re- 
oligopeptidyl nitrile derivatives is used to designate nioval of the protective groups, reaction with a corn- 
derivatives of an alpha-amino acid whose carboxyl \q poun d of the formula A-R-X in which X is an activating 
group has been replaced by a cyanide group and whose gr0 up, or comprises conversion of a compound of the 
amino group is substituted with an alpha-aminoacyl or a forraula x in which R is Pro and R 1 is (CONH 2 ), using 
peptidyl group. It is known that a large number of a watereiiminating agen t, into a compound of the for- 
pathophysiological conditions result m a consumption mula fa which Rl {s ^ ide andt aftcr 

of AT HI, which is the most important thrombin inhibi- 15 elimination of the te ctive group , preparation of a 
tor m human plasma^vith the formation of a thrombm- und of the T b „ acylation reaction 

AT HI co m P^^ with a protected activated derivative of D-Phe. The 

bosis when the AT III level falls to below 75 % of mventi( £ Ukewise relates to a pr0 cess for the prepara- 

normal. The therapy of acquired and hereditary AT III invcuuuu ukwwic a ^ v F ***t»A 
deficiency is effected by administration of AT III ob- 20 of a compound of the formula I with the indicated 

tained from the plasma of blood donors. There are limits 2 ° ff-tions which comprises 

to this therapy by reason of the restricted availability of the formula I in which R* is (CONH2) to a water- 
human plasma. For this reason, it is desirable to replace eliminating reaction at the carboxamide group, with the 
the naturally occurring thrombin inhibitor by synthetic aid of a watereiiminating agent, or converting a corn- 
compounds which are able to suppress or slow down 25 pound of the formula I in which R is a bond and R l is 
the blood clotting process. The current state of knowl- CONH2) and A is a protective group customary in 
edge is that synthetic inhibitors of this type are sub- peptide chemistry, by water elimination at the carbox- 
strates which are able to block the specificity cavity of amide group, into the corresponding cyanide com- 
a protease and thus reduce its activity. Suitable for this pound, and, after elimination of the protective group, 
purpose are peptide derivatives of arginine, because 3Q reacting with a compound of the formula A-R-X, in 
these are able to fit well in the specificity cavity of which X represents an activating group, to give a com- 
serine proteases. The peptide sequence D-Phe-Pro- Arg pound of the formula I. The carboxamide group can be 
has proved to be particularly favorable, this particularly converted into the cyanide group at any desired stage of 
inhibiting thrombin. In this context, particular impor- . the synthesis, i.e. at the tripeptide, dipeptide or amino 
tance attaches to derivatization of the C-terminal end of ^ acid carboxamide stage The starting material which is 
the arginine, as this greatly influences the efficacy of preferably used is L-argininamide, whose guanidino 
these protease inhibitors (Annals of the New York group is preferably protonated. Peptide synthesis and 
Academy of Science (1981), 370, 765-784). It is known the introduction of protective groups are carried out by 
that derivatives of this type act as potent serine protease standard methods of peptide chemistry as described by, 
inhibitors when the C-terminal end of the peptide is a f or example, M. Bodanszky, Principles of Peptide Syn- 
reactive group. The formyl group and the chlorome- thesis, published by Springer, Berlin-HeidelbergNew 
thylcarbonyl group on arginine have proved to be very York-Tokyo 1984. The coupling reactions are prefera- 
active. Other known compounds acting as thrombin carried out in solution by activating a C-terminal 
inhibitors are structurally related to arginine, for exam- carboxyl group with a carbodiimide, preferably dicy- 
ple agmatine derivatives or N-alpha-arylsulfonyl-p- 45 clohexylcarbodiimide, in the presence of an acidic com- 
guanidinophenylalaninamides. It has now been found, poU nd such as 1-hydroxybenzotriazole, and allowing it 
surprisingly, that compounds of the formula I t0 react with an am i no group in the presence of an 

« ™ tt> 1 vtt^, Kt tr\M"u r organic base with the formation of a peptide bond. In 

CHR (CH 2)0 NHC(=N H) NH 2 I ^ way) preferably Bo c-D-Phe-Pro, Fmoc-D-Phe-Pro, 

... 50 Z-D-Phe-Pro or Fmoc-Pro are coupled to the amino 

m R 1 the cvanide ctoud S rou P of L-argininamide. Apart from argininamide 

R is Pro or D Phe Pro derivatives prepared in this way, which are suitable for 

A is a hydrogen atom or a protective group custom- conversion into the corresponding nitriles, it is also 
ary in peptide chemistry, and P ^I'J 0 ^ ^mamide derivatives which are 

a is an integer from 2 to 5, preferably 3 or 4, 55 provided with a temporary pro ectrve ^oup on the 

are able to inhibit serine proteoses. alpha-ammo group into the nitrile. The Boc group is 

* Hence the invention relates to a compound of the preferably used as the temporary protective group, in 
formula I with the indicated definitions, and to its physi- which case after the water-elimination reaction the 
ologically tolerated salts. The compounds according to nitrile produced by removal of this protective group is 
the invention are synthesized fragment-wise or stepwise 60 able to couple and can be reacted to give the desired 
by methods customary in peptide chemistry using suit- compounds. The amides are converted into the nitriles 
ably protected amino acid derivatives with the aid of using dehydrating reagents, for example using thionyl 
temporary protective groups. Where appropriate, the chloride in dimethylformamide, but preferably using 
protective groups are eliminated and salts are prepared. phosphorus oxychloride in pyridine. In a particularly 
The cyanide group is obtained by elimination of water 65 preferred embodiment of the dehydration, 1 mol of 
from a corresponding amide (J. Amer. Chem. Soc. amide is reacted with 1.1 mol of phosphorus oxychlo- 
(1966) 88, 2025-2035). The invention also relates to a ride in the presence of 2 mol of imidazole in pyridine, 
process for the preparation of a compound of the for- The reaction temperature during the addition of phos- 
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phorus oxychloride is preferably kept in the range —25 
to - 15° C. The reaction is then brought to completion 
by stirring the mixture at room temperature for 30 min- 
utes to 5 hours, preferably one hour. The products are 
isolated by purification methods customary in peptide 
chemistry, preference being given to partition of the 
crude products between organic solvents and water and 
use of column chromatography. The nitrile derivatives 
prepared in this way exhibited the correct composition 
in the analyses which were carried out. Thus, the nitrile 
triple bonds were found in the expected region of the 
infra red spectrum at about 2250 cm-Nuclear magnetic 
resonance investigations showed the presence of a ni- 
trile group in the l3 C NMR spectrum at about 1 19 ppm. 
In the case of nitrile derivatives of the formula I in 
which R is D-Phe-Pro and A is a protective group, it is 
possible to eliminate protective groups of the urethane 
type, Boc and Fmoc being preferred, using the custom- 
ary reagents to expose the N-terminal amino group. The 
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filtration with suction, the solvent was removed by 
evaporation in vacuo, and the residue was taken up in 
chloroform. The organic phase was extracted by shak- 
ing three times with saturated sodium bicarbonate solu- 
tion and three times with saturated sodium chloride 
solution. The chloroform solution was dried over so- 
dium sulfate and concentrated in vacuo. The peptide 
derivative was obtained as crystals by drop wise addi- 
tion of the concentrated chloroform solution to diethyl 
ether. The crystals were dried over phosphorus pentox- 
ide under high vacuum. 

Yield: 7.3 g (70% of theory) 
Purity check: TLC Kf = 0.46 (A) 
N(alpha>Boc-D-Phenylalanyl-L-prolyl-L-(l-amino- 

4-guanidino)valeronitrile 

4 g of the amide prepared in 1. and 1 g of imidazole 
were dissolved in 60 ml of pyridine. 2.8 ml of phospho- 
rus oxychloride were added dropwise at —20° C. The 
mixture was then stirred at room temperature for 1 
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Boc group is preferably eliminated with 1.2 N HC1 in 20 hourj conC entrated in vacuo, and the residue was taken 



glacial acetic acid or with 50% trifluoroacetic acid in 
methylene chloride, and the Fmoc group is eliminated 
with piperidine in methylene chloride. The compounds 
according to the invention surprisingly exhibit a potent 
inhibitory action against serine proteases. This action is 25 
preferentially exhibited against thrombin. The specific- 
ity with respect to other enzymes, for example F Xa, is 
influenced by groups at the N-terminal end. 

The compounds according to the invention are suit- 
able as substitutes for naturally occurring serine prote- 30 
ase inhibitors, preferably of AT III. These substances 
and their physiologically tolerated salts can be used as 
agents for abolishing AT III deficiency, by which 
means the risk of thrombosis is reduced or eliminated. 
These agents can additionally contain physiologically 
acceptable vehicles or auxiliaries. 

ABBREVIATIONS 
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AT HI Antithrombin III 

Z Benzyloxycarbonyl 

Boc tert-Butyloxycarbonyl 

Fmoc 9-Fluorenylmethyloxycarbonyl 

NMR Nuclear magnetic resonance 

TLC Thin-layer chromatography 

R/r Retention factor 

C/T Chlorine/4,4-bis(dimethy|amino)diphenylmethane test 

UV Ultraviolet visualization 

DCU Dicyclohexylurea 

DCC Dicyclohexylcarbodiimide 

HOBt Hydroxybenzotriazole 

DMF Dimethylformamide 

NMM N-MethyUnorpholine 



Mobile phases for thin-laver chromatography: 

(A) n-Butanol/glacial acetic acid/water 

(B) Chlorofonn/methanol/glacial acetic acid 



3:1:1 
50:20:5 



EXAMPLE 1 
N(alpha)-Boc-D-Phenylalanyl-L-prolyl-L-(l-amino-4- 
guanidino)valeronitrile 

1. N(alpha)-Boc-D-Phenylalanyl-L-prolyl-L- 
argininamide 

6.6 g of Boc-D-Phe-Pro (18 mmol) and 2.43 g of 
HOBt were dissolved in 100 ml of DMF, and the solu- 
tion was cooled to 0° C. and 3.8 g of DCC were added. 
The mixture was stirred at 0° C. for 30 minutes and at 
room temperature for 30 minutes. Then 5.28 g of Arg- 
NH 2 X 2 CH3COOH and 3.8 ml of NMM were added. 
After 12 hours, the precipitated DCU was removed by 



up in chloroform. The organic phase was extracted 
three times with water and dried over sodium sulfate. 
The peptide derivative was crystallized by dropwise 
addition to diethyl ether, and was washed with ether 
and dried under high vacuum. 
Yield: 2.6 g (69% of theory) 
Purity check: TLC Rf = 0.61 (A) 
Melting point: decomposition above 75° C. 

EXAMPLE 2 
N(alpha)-Fmoc-D-Phenylalany l-L-prolyl-L-( 1 -amino- 
4-guanidino)valeronitrile 

1 . N(alpha)-Fmoc-D-Phenylalanyl-L-prolyl-L- 
argininamide 

1.45 g of Fmoc-D-Phe-Pro (3 mmol) and 405 mg of 
HOBt were dissolved in 40 ml of DMF and, at OoC, 630 
mg of DCC were added, and then the mixture was 
stirred at OoC for 30 minutes and at room temperature 
for 30 min. Then 880 mg of Arg-NH 2 X 2 CH3COOH 
and 630 pi of NMM were added. After 12 hours, insolu- 
bles were filtered off, the DMF was evaporated off, and 
the oily residue was taken up chloroform. The organic 
phase was extracted by shaking three times with satu- 
rated sodium bicarbonate solution and three times with 
saturated sodium chloride solution, and was dried over 
sodium sulfate. After the chloroform had been evapo- 
rated off, a pure product was obtained. 
Yield: 900 mg (43%) 
50 Purity check: TLC K F « 0.34 (B) 

2. N(alpha)-Fmoc-D-Phenylalany 1-L-proly l-L-( 1 - 
amino-4guanidino)valeronitrile 

770 mg of the product synthesized in 1. were dis- 
solved in 10 ml of pyridine, 100 mg of imidazole were 
55 added, and the mixture was cooled to —20° C. 0.5 ml of 
phosphorus oxychloride was added dropwise, and the 
mixture was stirred at room temperature for one hour. 
It was then evaporated to dryness in vacuo, and the 
residue was taken up in chloroform. This solution was 
60 extracted by shaking with a saturated sodium bicarbon- 
ate solution and a saturated sodium chloride solution, 
three times each. It was dried over sodium sulfate. After 
partial concentration of the solution in vacuo, the prod- 
uct was crystallized by dropwise addition to ether ethyl 
65 acetate (2:l),fdtered off and dried under high vacuum. 

Yield: 380 mg (52.5%) 

Purity check: TLC Kf = 0.62 

Melting point: decomposition above 125° C 
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EXAMPLE 3 

H-D-Phenylalanyl-L-prolyl-L-( 1 -amino-4-guaniduio)- 
valeronitrile ditrifluoroacetate 

0.5 ml of anisole and 3 ml of trifluoroacetic acid were 5 
added to 270 mg of the product prepared as in Example 
1, and the mixture was maintained at room temperature 
for 5 minutes with exclusion of moisture. The product 
was crystallized by dropwise addition to diethyl ether. 
It was removed by centrifugation, washed with diethyl 10 
ether, and taken up in water. The aqueous phase was 
extracted three times with diethyl ether and was freeze- 
dried. A fluffy white powder was obtained. 

Yield: 170 mg (54%) 

Purity check: TLC RF =0.275 (A) 15 
FUNCTION TESTS 

The activity of the substances prepared as in Exam- 
ples 1, 2 or 3 was ascertained by determination of the 
thrombin time. This entailed the concentration (in 20 
jxmol/1) which doubled the thrombin time being ascer- 
tained. 

TEST PROCEDURE 

50 /il of inhibitor solution of various concentrations, 25 
50 u-1 of standard human plasma and 100 ul of diethyl- 
barbituric acid/sodium acetate buffer, pH 7.6, were 
incubated at 37° C. for 45 seconds and 100 u-1 of alpha 
human thrombin (3.0 IU/ml) were added. The tests 
were carried out on a Schnitger & Gross apparatus for 30 
determination of the thrombin time. 



TABLE 1 


Compound according 


Doubling of the thrombin time at 


to Example 


concentration (in fimol/1 final cone.) 


1 


3.66 


2 


3.66 


3 


1.1 
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TOXICITY TESTS 

The toxicity of H-D-Phe-Pro-Arg-CN X 2HCOOH 
gated in an animal model. The test substance was ad- 



6 

rninistered i.v. to mice. Clinically detectable pathologi- 
cal findings were found at and above a dose of 50 
mgAg. The dose for a therapeutic effect ought to be 
about 1-4 mgAg. 

Inhibition constant (K,) of H-D-Phe-Pro-Arg-CN X 
2HCOOH: Ki H, = 6 x 10 - 7 mol/1 (alpha human 
thrombin) 

I claim: 

1. A compound of the formula I 

A — R — NH — CHR 1 — (CHj) a — NHC(=NH)NH i I 

in which 

R 1 is the cyanide group, 
R is Pro or D-Phe-Pro, 

A is a hydrogen atom or a protective group* custom- 
ary in peptide chemistry, and 
a is an integer from 2 to 5, preferably 3 or 4, 
and its physiologically tolerated salts. 

2. A compound as claimed in claim 1, in which A-R 
is Boc D-Phe-Pro, Fmoc-D-Phe-Pro, Z-D-Phe-Pro or 
Fmoc-Pro. 

3. D-Phenylalany 1-L-proly l-L-( 1 -amino-4- 
guanidino)valeronitrile, its derivative provided at the 
N-terminal end with protective groups customary in 
peptide chemistry, and its physiologically tolerated 
salts. 

4. A pharmaceutical composition for the treatment of 
diseases related to disorders of the coagulating system 
were there is an increased tendency of the blood to 
coagulate which comprises an effective amount for said 
treatment of a compound of the formula I as claimed in 
claim 1, together with a pharmaceutically acceptable 
vehicle. 

5. A method for the treatment of diseases relating to 
disorders of the coagulating system where there is an 
increased tendency of the blood to coagulate in a pa- 
tient which comprises administering an effective 
amount of a compound of the formula I as claimed in 
claim I. 

***** 
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